We performed an experiment with 112 piglets, 32 growing-finishing pigs, and 12 sows during pregnancy and lactation to test the hypotheses that apparent total tract digestibilities of P and Ca as well as the efficacy of Aspergillus niger phytase in rendering phytate P available in pigs depend on pig physiological status. All pigs were fed diets with identical feedstuff composition either without or with added microbial phytase (Natuphos ® , 500 FTU/kg diet). The diets contained 6.2 g Ca, 4.8 g total P, and 3.7 g phytate P per kilogram, and intrinsic phytase activity of 120 FTU/kg. The digestibility of P increased by 8.3 percentage units when BW of pigs increased from 30 to 60 kg and then remained stable until 100 kg. Pregnant sows had a lower efficiency of P absorption than piglets and growing-finishing pigs.
Introduction
In various areas with intensive livestock production, the amount of phosphorus entering the environment with manure can be considered as superabundant, and, therefore, P excretion by the animals should be diminished. One efficient way to lower P excretion is to render available the P in phytate by the addition of microbial phytase (Jongbloed et al., 1993; Dü ngelhoef and Rodehutscord, 1995; Kornegay, 1996) .
In laboratory rodents, the efficiency of mineral absorption declines with age (Armbrecht, 1987; Buchowski and Miller, 1991; McElroy et al., 1991) . We hypothesized that apparent total tract digestibility of P (Jongbloed, 1987) and calcium differs in piglets, growing-finishing pigs, and pregnant and lactating sows. Also, the effect of supplemental microbial phytase on P and Ca digestibility may differ among pig categories, because of variation in gastric emptying, stomach capacity and pH of gastric contents (Kvasnitskii, 1951 , cited by Kidder and Manners, 1978; Low, 1990) , knowing that the main site of activity of phytase is the stomach (Jongbloed et al., 1992) .
The objective of this study was to characterize the influence of age on P and Ca utilization using piglets, growing-finishing pigs, and pregnant and lactating sows fed diets with identical feedstuff composition, either without or with added Aspergillus niger phytase (500 phytase units [FTU per kilogram of feed).
Materials and Methods

Animals, Housing, and Experimental Design
Piglets. We used 112 barrows and gilts of the threeway cross Yorkshire boar × (Finnish Landrace boar × Dutch Landrace sow), that were weaned at 4.5 wk of age when they weighed approximately 10 kg. Four blocks of identical house sections, each having four pens with seven piglets each, were formed so that one pen was the experimental unit. The piglets within each pen were group fed. The piglets had been stratified over the sections according to genetic origin, weight, and sex. The size of each pen was 2.35 × 1.70 m with a partly slatted floor. Each housing section was ventilated mechanically. Ambient temperature just after weaning was 23°C, and the temperature gradually lowered to 18°C by the end of the trial, when the animals weighed approximately 40 kg.
In the first week after weaning, all piglets received a commercial weaner diet (ACM, Meppel, The Netherlands) ad libitum. During the second week, the piglets were gradually switched to the experimental diets within 1 wk. Half of the piglets were fed twice a day at a feeding level of 2.8 times maintenance requirement for energy (293 kJ NE f ·W −.75 or 418 kJ ME·W −.75 ) , with the other half fed ad libitum. The animals had free access to drinking water. After a 2-wk preliminary period, feces were collected in wk 5, 6, and 7 after weaning. During 3 d of each collection week, grab samples were taken during four 30-min intervals per day. Time interval between two sampling periods was 2 to 3 h. Fecal samples were pooled per pen per collection period and subsequently stored at −20°C.
Growing-Finishing Pigs. The trial with growingfinishing pigs was performed with 32 barrows and gilts having genetics similar to that of the piglets. Within one housing section, there were eight pens with four animals each, which were fed individually. One pen was the experimental unit. The size of a pen was 2.60 × 1.60 m with a partly slatted floor and four feeding boxes of 1.25 × .40 m. The room was ventilated mechanically, and the ambient temperature was approximately 18°C.
The animals received a commercial starter diet (ACM), until they reached an average BW of 30 kg. Subsequently, the pigs were shifted to the experimental diets within 1 wk. The experimental diets were fed twice a day at 2.8 times maintenance requirement for energy. At the time when the pigs reached an average BW of 40, 60, 80, or 100 kg, feces were collected as described above. Urine was collected qualitatively when the pigs weighed 80 and 100 kg to determine whether dietary P supply met or exceeded the P requirement.
Multiparous Sows. Twelve sows of at least fifth parity were used during lactation and subsequent pregnancy. The animals were either of the Yorkshire breed or the cross Finnish Landrace boar × Dutch Landrace sow. There were six blocks of two sows each. The animals subjected to the two dietary treatments had equal distributions of parity and breed.
From d 90 of pregnancy, the animals were fed 2.9 kg/d of the experimental diets, according to the CVB (1993) feeding regimen. During lactation, the untethered sows were individually housed in farrowing boxes. Pen size was 2.35 × 1.70 m with a partly slatted floor. Ambient temperature just after birth of the piglets was 23°C, and the temperature was gradually lowered to 19°C at weaning. The piglets' nest had a heated floor. During lactation, the sows were fed at 2.8 times maintenance requirement for energy, based on their BW on d 90 of pregnancy minus 20 kg (assumed farrowing losses). Each litter was standardized to eight piglets. The sows had free access to drinking water. Feces were collected on d 9 to 11 and on d 24 to 26 postpartum. This collection was done by rectal stimulation, upon which the animals defecated within 1 min. This method of feces collection does not affect P digestibility, because there is no net absorption of P in the large intestine (Guéguen et al., 1968; Jongbloed, 1987; Jongbloed et al., 1992) .
After lactation, the sows were fed a commercial pregnancy diet (ACM), until d 35 of their next pregnancy. They were then again fed the experimental diets. During pregnancy, the animals were tethered and housed individually. Ambient temperature in the mechanically ventilated pregnancy unit was on average 18°C. The sows were fed once daily at a feeding level of 1.2 times maintenance requirement for energy and had free access to drinking water. On d 59 to 61 and on d 99 to 101 of pregnancy, feces were collected by rectal stimulation.
Experimental Diets
The two experimental diets were a phytase-deficient diet (<110 FTU/kg) without or with added Aspergillus niger phytase (Natuphos ® , The Royal Gist-brocades, Delft, The Netherlands) at a level of 500 FTU/kg. All the pigs were fed diets of identical ingredient composition, except for the mix of trace elements and vitamins (Table 1 ). The intrinsic phytase in the wheat middlings had been inactivated by steam pelleting two times at a temperature exceeding 80°C. After this treatment, phytase activity was below the detection limit. The marker Cr 2 O 3 and the microbial phytase were added to the diets in the form of premixes to obtain a homogeneous distribution. The Natuphos preparation and cornstarch were mixed thoroughly to a concentration of 500 FTU/g. Chromium oxide was mixed with cornstarch (1:3, wt/ wt) and subsequently ground in a hammer mill through a sieve with a pore size of .5 mm (Jongbloed et al., 1991) . The Cr 2 O 3 -cornstarch premix was mixed with another premix containing limestone, salt, DLmethionine, cornstarch or phytase premix, choline chloride, and a mix of trace elements and vitamins. The other ingredients were mixed into one batch, serving as stock, to prepare the experimental diets for each category of pigs. The complete diets were pelleted ( 5 mm) without steam at temperatures below 40°C to avoid possible inactivation of the microbial phytase. The diets were fed in dry, pelleted form.
Analytical Procedures
Samples of the diets were taken immediately after manufacturing and during the periods of feces collection. Triplicate diet samples were freeze-dried and ground to pass a 1-mm sieve for subsequent analysis of DM, ash, N, Ca, P, Cr, phytic acid, and phytase activity. Feces were freeze-dried and ground to pass a 1-mm sieve for analysis of DM, Ca, P, and Cr. Urine was analyzed for P content.
The digestibilities of DM, Ca, and P were calculated using Cr 2 O 3 as an indigestible marker. The digestibility of Ca was not corrected for Ca intake with drinking water.
The Weende method was used to determine DM, ash, and N (AOAC, 1980). Contents of Ca and Cr were assayed by atomic absorption spectrophotometry after the samples had been dry ashed at 550°C during 4 h. The ash was dissolved in nitric acid (14.3 M) for Ca analysis and in phosphoric-manganese sulfate solution−potassium bromate solution for analysis of Cr (Williams et al., 1962) . Total P was determined colorimetrically by the vanadomolybdate procedure (AOAC, 1980) . Phytic acid was assayed by HPLC according to the method of Bos et al. (1991) . Phytic acid P content was calculated on the basis that one mole of phytic acid contains six mole of P. Phytase activity was assayed according to Engelen et al. (1994) .
Statistical Analyses
Within each category of pigs the results for each period were subjected to analysis of variance with dietary treatment (no added phytase vs phytase) and block as factors in the model. Differences between periods (BW or physiological status) within experimental units, corrected for any block effects, were subjected to linear regression analysis to test whether they deviated from zero. The general mean and pattern of development of digestibility during the periods of measurement were described as orthogonal polynomials. For piglets and growing-finishing pigs, BW was the basis for this description. In the case of multiparous sows, pregnancy and lactation phase were described separately. The components of the polynomials, corrected for any block effects, were subjected to analysis of variance.
The orthogonal polynomials for the piglets and lactating sows were compared with those for growingfinishing pigs using analysis of variance. The results obtained with multiparous sows during midpregnancy and at the end pregnancy were compared with the polynomials for growing-finishing pigs. The statistical package Genstat 5, release 3 (Payne et al., 1993) was used throughout. The P values for the various contrasts were calculated using Student's t-test. Table 2 . Balancing of the diets was successful, except that Ca content was slightly higher in the diets enriched with phytase, but the influence, if any, should be negligible. The phytase levels of the diets were as planned.
Results
Chemical Composition of the Diets. The analyzed composition of the diets is presented in
Performance. From the outset, it should be noted that the trial was not designed to assess animal performance. The limited number of replicates and duration of the experiment in this study provided limited statistical power to detect a treatment effect on pig performance. In general, the experiments ran smoothly. Five piglets had to be removed from the trial. In the first week, three animals suffered from diarrhea, one had poor growth, and one was found dead without signs. Piglets fed twice daily at an energy level of 2.8 times maintenance consumed 115 g feed per day less than those fed ad libitum, but their average daily gain and gain to feed ratio were statistically similar. Mean growth rate and gain to feed ratio for all piglets combined were 414 g/d and 400 g/kg, respectively. Furthermore, feed intake, average daily gain, and gain to feed ratio were not significantly affected by the addition of phytase to the diet. In the growing-finishing pigs in the BW range of 31 to 103 kg there was a stimulatory effect of phytase on average daily gain ( P = .014) and on the gain to feed ratio ( P = .008) but not on feed intake. Average daily gains of pigs fed the control and phytase diets were 780 and 806 g/d, and gain to feed ratios was 389 and 400 g/kg, respectively. Sows showed normal weight development during lactation and pregnancy; the average BW were 236 and 227 kg, respectively. The litters had normal birth weight and growth rate. Before weaning, weight gain was 270 g/d, and from weaning until they reached 25 kg BW, weight gain was approximately 540 g/d.
Apparent Digestibility of Dry Matter. Apparent digestibility of DM was highest in the sows and lowest in the piglets, with the growing-finishing pigs displaying intermediate values (Table 3) . Digestibility of DM rose with increasing BW of the piglets and growingfinishing pigs. In the piglets, but not in the growingfinishing pigs and sows, the addition of phytase to the diet significantly reduced the digestibility of DM. The observed rates of DM digestion for growing-finishing pigs and sows correspond with those reported by Noblet and Shi (1993) . In a study of Roth and Kirchgeßner (1984) , an improvement of DM digestibility in piglets and growing-finishing pigs was found to be interrelated with BW. However, these authors used different diets for each category of pigs. The significant phytase-induced depression of DM digestibility in piglets was not reported earlier (reviewed by Jongbloed et al., 1996) and can be considered as an aberrant observation.
Apparent Digestibility of P and Ca. Digestibilities of P and Ca were not different between the groups of piglets fed either ad libitum or rationed amounts of feed, and thus we pooled the data. Irrespective of the piglet weight, phytase enhanced the digestibilities of P and Ca (Table 4) . On average, P digestibility was enhanced by 13.6 and Ca digestibility by 4.6 percentage units. In the BW range from 30 to 38 kg, digestibilities of P ( P < .001, SEM 1.17) and Ca ( P < .001, SEM .93) increased; there was no interaction with phytase. For the piglets weighing 30 to 38 kg, the amounts of apparently digestible P and Ca generated by Aspergillus niger phytase (Figures 1 and 2 ) were on average .66 (pooled SEM .058) and .28 g/kg (pooled SEM .058), respectively. Phytase stimulated P digestibility in the growingfinishing pigs; averaged across body weights, P digestibility was 17.2 percentage units higher. There seemed to be no association of P digestibility and BW of growing-finishing pigs and between phytase and BW ( Figure 1) . The phytase addition to the diet generated on average .83 g digestible P/kg (pooled SEM .073). When the pigs weighed 80 kg, P concentration in urine was 7.2 (SEM 2.2) and 324 mg/L (SEM 67) for the control and phytase diet groups, respectively. At 100 kg BW, the values were 7.4 (SEM 5.4) and 319 mg/L (SEM 88). In the growing-finishing pigs, added phytase increased Ca digestibility, but the effect was statistically significant only at 40 kg BW. There was no consistent relationship between BW and Ca digestibility. However, the stimulatory effect of phytase on Ca digestibility decreased with increasing BW (Figure 2 ), the interaction being significant ( P = .017; standard error of difference of means [SED] = .44 g/kg). When the pigs weighed 40 kg, the phytase generated .53 g digestible Ca/kg, whereas only .12 g was generated at 100 kg BW (Figure 2 ). The digestibility of P in the lactating sows was enhanced substantially by phytase, the mean rise being 21.5 percentage units. On average, the phytase generated 1.03 g digestible P/kg diet (pooled SEM .055). Digestibility of Ca rose during the lactation period, but there was no phytase effect on Ca digestibility. The average amount of digestible Ca generated was −.04 g/kg (pooled SEM .159).
At 60 d of pregnancy, the phytase supplementation did not affect P digestibility, but at 100 d there was a significant increase by 15.0 percentage units. Digestibility of P increased from midpregnancy to the end of pregnancy, the increase being greater ( P .011, SED 2.04) for the phytase diet group than the control group. The phytase generated .32 g digestible P/kg (SEM .230) at 60 d of pregnancy and .72 g digestible P/kg (SEM .167) at 100 d of pregnancy. During the course of pregnancy, Ca digestibility increased markedly but was unaffected by phytase ingestion. The phytase generated on average −.13 g digestible Ca/kg (pooled SEM .190).
Efficacy of Phytase: Comparison of Animal
Categories. Baseline P digestibilities were similar in the piglets and growing-finishing pigs. The stimulatory effect of the phytase was 3.6 percentage units smaller in the piglets; the phytase generated .17 g digestible P/kg less in the piglets than in the growingfinishing pigs ( P = .011, SED .061). Neither Ca digestibility nor the amount of digestible Ca generated by the phytase was different between the two categories.
The growing-finishing pigs had higher efficiencies of P digestion than the lactating sows. The efficacy of phytase was greater by .20 g digestible P/kg in the lactating sows than in the growing-finishing pigs ( P < .001, SED .040). Digestibility of Ca was lower in the lactating sows than in the growing-finishing pigs, and so was the amount of digestible Ca generated by the phytase (difference: .29 g digestible Ca/kg; P = .026, SED .088).
Digestibility of P was lower in the pregnant sows than in the growing-finishing pigs. At 100 d of pregnancy the phytase generated .74 g digestible P/kg in the sows, which was not different from the .83 g generated in the growing-finishing pigs ( P = .200, SED .091). However, at 60 d of pregnancy the phytase was less effective than in the growing-finishing pigs (Figure 1 ). Digestibility of Ca was lower in the pregnant sows than in the growing-finishing pigs. The amount of digestible Ca generated by the phytase was .28 g/kg lower in the sows at 100 d of pregnancy than in the growing-finishing pigs ( P = .016, SED .096).
Discussion
The objective of this study was to compare the apparent total tract digestibilities of P and Ca and the effect of supplemental microbial phytase in four Figure 1 . Generated amounts of apparent digestible phosphorus (increase digestible P) by microbial phytase added to the diet of piglets, growing-finishing pigs (GFP), and reproductive sows. Data are means ± SEM for four to eight experimental units. Figure 2 . Generated amounts of apparent digestible calcium (increase digestible Ca) by microbial phytase added to the diet of piglets, growing-finishing pigs (GFP), and reproductive sows. Data are means ± SEM for four to eight experimental units.
categories of pigs (piglets, growing-finishing pigs, pregnant sows, and lactating sows). To exclude any effect of diet composition, all pigs were fed diets with identical ingredient composition, except for a minor difference in the mixture of trace elements and vitamins. The approach chosen imposed restrictions on the ingredient composition of the diet. As a consequence, the feedstuff composition used is not entirely representative for the practice of piglet or pregnant sow feeding.
The average P digestibility of the diet without phytase was slightly higher than was expected on basis of Dutch tabular values (CVB, 1994) . In essence, the apparent digestibility of P increased in piglets and growing-finishing pigs when body weight increased from 30 to 60 kg and then remained relatively stable until 100 kg BW. Therefore, differences between newly weaned piglets (10 to 20 kg BW) and growing-finishing pigs are expected to be larger than those observed between the piglets used in this experiment (30 to 38 kg BW) and growing-finishing pigs. The pregnant sows had a lower efficiency of P absorption than did the piglets and growing-finishing pigs. During lactation, the efficiency of P absorption was higher than during pregnancy. The level of P digestibility near the end of pregnancy was lower than that observed by Kornegay and Kite (1983) , but that during lactation matched quite well with the value of the low P diet used by Harmon et al. (1975) , when the contribution of dicalcium phosphate was excluded. When they were fed the control diet, the lactating sows absorbed P less efficiently than the piglets, but the opposite was seen when the phytase diet was fed. The digestibility of Ca was not systematically associated with BW in the piglets and growing-finishing pigs. By the end of pregnancy, Ca digestibility was much higher than during midpregnancy, and it increased further during lactation. A similar pattern of increase in Ca digestibility during the reproductive phases could also be observed when the studies of Harmon et al. (1975) , Nimmo et al. (1981) , and Kornegay and Kite (1983) were combined. Thus, to measure the maximum apparent digestibility of P and Ca in diets for reproductive sows, experiments should be conducted at the end of the lactation period.
The observed differences in P digestibility among the four categories of pigs may have been caused by a combination of differences in P requirement and endogenous losses of P and by real animal-category differences. The calculated amounts of P supplied by the experimental diets in relation to the recommended P requirement, as established by Jongbloed et al. (1994) , is shown in Table 5 . True P digestibility was calculated using estimated endogenous losses according to Jongbloed (1987) . It can be concluded that the piglets and the sows, during the end of pregnancy and during lactation, were fed below their P requirement, and therefore the response to phytase in these categories was properly assessed. The growing-finishing pigs and sows during midpregnancy were fed close to their P requirement when phytase was present in the diet. We found a phytase-induced increase in the P content of urine in 80-and 100-kg BW finishing pigs; however, the response to phytase was similar to that observed in the growing pigs of 40 and 60 kg BW. This indicates that the absorption efficiency did not change over the whole fattening period. The estimated daily requirement of digestible P for sows at d 60 of pregnancy is 2.4 g digestible P, which is only .3 g higher than supplied by the phytase-supplemented diet. This total P requirement also includes a contribution for deposition of P in the skeleton of .1 g/d. In the multiparous sows this can probably be neglected, and we can expect that the 60 d pregnant sows were fed Table 5 . Calculated true P digestibility and measured apparent P digestibility in relation to the estimated P requirement for the four pig categories a Based on data from Jongbloed et al. (1994) . b Based on data from Jongbloed (1987) . close to or above their P requirement. This may explain the observed low absorption coefficients for P in sows during mid-pregnancy. The addition of digestible P to the diet of pigs produces an increase in the percentage of apparent P absorption (Dellaert et al., 1990) . Intake of extra P causes a greater fecal P excretion, associated with a relatively smaller fraction of endogenous P in the feces. This results in an increase in the percentage of apparent P absorption. The phytase-induced increase in P absorption is caused by dephosphorylation of phytate, which implies that total P intake remains unaltered and the amount of P in feces has become lower. Thus, when phytase is supplemented, the fraction of endogenous P in feces will be raised. As a result, the observed effects of phytase will be underestimated. When pigs are fed diets with marginal P levels, fecal endogenous P losses range between 2.9 and 4.5 mg·kg BW −1 ·d −1 for growing-finishing pigs and sows weighing more than 140 kg BW Jongbloed (1987) . The absolute, daily endogenous P losses for the four categories of pigs were based on an assumed invariable loss of 5 mg·kg BW −1 ·d −1 (Table 5 ). The calculated true P digestibilities are up to 10 percentage units higher than the observed apparent digestibilities. It is clear that the different apparent P digestibilities among the pig categories cannot be explained by differences in endogenous P losses.
Efficiency of Ca absorption may be regulated by the parathyroid hormone and 1,25-dihydroxycholecalciferol ( 1,25-DHCC) . It seems that synthesis of and response to 1,25-DHCC plays a key role in this (Armbrecht, 1987) . Pointillart et al. (1986) observed that adaptation of the absorption mechanism of Ca to vitamin D 3 in piglets is a slow process. Furthermore, Ishida et al. (1987) reported that in rats renal 1a-hydroxylase activity, the enzyme that converts 25-hydroxycholecalciferol to 1,25-DHCC, decreases with age. Thus, in multiparous sows there may be low concentrations of 1,25-DHCC causing a decline in Ca uptake, as was supported by in vitro studies with rat duodenal cells (Liang et al., 1989) . The rise of Ca absorption during late pregnancy and lactation may be explained by hormonal control as triggered by the increased Ca requirement for milk production. It remains unclear how P absorption is controlled, but it may be sensitive to vitamin D 3 (Pointillart et al., 1986 ) and more specifically to 1,25-DHCC. In broilers, a beneficial effect of 1,25-DHCC addition to the diet on P absorption has been clearly shown (Mohammed et al., 1991; Edwards, 1993; Mitchell and Edwards, 1996a,b) , but it remains unclear whether this effect can be extended to reproductive sows.
The established relationship between category of pigs and P digestibility cannot be easily used to formulate rations so as to minimize P excretion, because P absorption also depends on the type of dietary ingredients (DLG, 1987; NRC, 1988; CVB, 1994) . Requirements of P and Ca are based on digestibility studies with growing-finishing pigs. Because of the low Ca digestibility at the end of pregnancy and during lactation, the assessment of the Ca requirement for multiparous sows, expressed in terms of total or, preferably, digestible Ca content per kilogram of feed, may therefore have to be reconsidered. However, our experiment was performed using diets with marginal P supply. Mobilization of Ca from bone has been primarily triggered by the requirement of P for milk production. Because the Ca to P ratio in bone (2.08; Jongbloed, 1987 ) is higher than in milk (1.24 to 1.41; Freese, 1958 ) the relative Ca surplus will be excreted via urine. Therefore, Ca balance studies are needed to elucidate the exact Ca requirement for lactating multiparous sows. The nutritional value of P for multiparous sows, expressed in terms of the digestible P content per kilogram of feed, needs a more differentiated approach. It is preferable to compensate for the differences between growingfinishing pigs and multiparous sows or piglets by correction of the P requirement of the latter two categories, to avoid the need for separate nutritional tables in which P digestibility of feedstuffs for reproductive sows or piglets only are documented. Our studies clearly indicate the differences in mineral digestibility between growing-finishing pigs and reproductive sows of parity five or more. From the studies of Everts and Dekker (1991) , it follows that reproductive sows of parity one to three that still had some skeletal growth also showed reduced Ca and P digestibilities as compared with tabular values based on growing-finishing pigs. However, these differences were not as large as observed in our experiment. The course of decline of P and Ca digestibility with increasing parity number remains unclear and needs further attention.
The addition of Aspergillus niger phytase (500 FTU/kg) to the diet markedly raised P digestibility. In the piglets, growing-finishing pigs, and sows during mid-pregnancy and the end of pregnancy, and during lactation, the average amounts of P generated were .66, .83, .32, .74, and 1.03 g/kg of diet. The efficacy of the phytase agrees with that found in earlier work with piglets fed comparable doses of phytase, although there was wide variation among experiments (Eeckhout and De Paepe, 1992b; Pallauf et al., 1992 Pallauf et al., , 1994a Cromwell et al., 1993; Hoppe et al., 1993; Young et al. 1993; Windisch et al., 1994) . The efficacy of the phytase as determined with growing-finishing pigs is higher than that reported by others (Nä si, 1990; Eeckhout and De Paepe, 1992a; Nä si and Helander, 1994) but corresponds with other experiments in this laboratory (Simons et al., 1990; Jongbloed et al., 1992; Mroz et al., 1994) using doses ranging from 800 to 1,500 FTU/kg. Moreover, the generated amount of digestible P by phytase in the experiment with growing-finishing pigs is close to the amount that has been adopted for Natuphos ® at 500 FTU/kg (Geerse, 1990) . Figure 1 illustrates that the efficacy of phytase differs in the four categories of pigs. The efficacy was higher in the lactating sows and the growing-finishing pigs than in the piglets. Because microbial phytase exerts its main action in the stomach (Jongbloed et al., 1992; Yi, 1995) , differences in conditions of stomach contents among the animal categories (Low, 1990) could have caused the variation in phytase efficacy. The category difference may have practical relevance for phytase supplementation of swine diets. The generated amounts of digestible P that are used in practice are predominantly based on trials with piglets and starter pigs and may possibly underestimate the enzyme's potential in finishing pigs and reproductive sows. In many practical diet formulations for piglets, low phytate P feedstuffs are used, which may result in suboptimal substrate conditions and thus cause reduced effects of the enzyme on P and Ca digestibility. This study indicates that with diets containing 3.7 g of phytate P/kg and assuming that the response to phytase is more or less linear in the range from 350 to 600 FTU/kg (Beers, 1992) , the amounts of phytase activity needed per kilogram of diet to generate .8 g digestible P/kg are 610, 480, 540, and 390 for piglets, growing-finishing pigs, end pregnant sows, and lactating sows, respectively. Caution is warranted when generalizing these figures, but it is clear that phytase addition to swine diets may be tailored to animal category.
Implications
Apparent total tract digestibilities of phosphorus and calcium differ among piglets, growing-finishing pigs, and multiparous sows during pregnancy and lactation. Furthermore, the effect of Aspergillus niger phytase on the digestibilities of P and Ca was not the same for each category of pigs. In the formulation of swine diets, the amount of phytase to be added may be corrected for the target category. Supplementation of Aspergillus niger phytase to diets for all categories of pigs has a substantial positive effect on P digestibility. Therefore, P excretion can be lower and thus reduce environmental pollution.
